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DEFINITION OF TERMS 

BENEFICIAL OCCUPANCY DATE (BOD) 

The date a facility begins to operate. 

COST INDEX 

Comparison of Energy cost Indices for various years giving a chosen base 

year a value of 100. 

CURRENT CONSTRUCTION COST (CCC) 

The project installation cost in the year the project was analyzed. 

Installation costs are non-recurring and include all labor and material. 
Also taken into account are location, taxes, contractor costs, bond, and 

SIOH.  Design costs are not included and must be added to the CCC to 

develop the total installed cost (TIC). 

DARCOM GOAL 

The target figure for energy consumption in KBTU/GSF-YR.  Using FY75 as 

the base year, basewide energy consumption must be reduced by 20S by the 
end of FY85.  The goals were established'to -enable the ARMY to achieve 
energy conservation requirements assigned by Executive order 12003 and by 

the Department of Defense.  In addition, the Army Facility Energy Plan 
dated February 24, 1978, established a long term goal for a 50 percent 

reduction in facility energy usage by the year 2000. 

ENERGY CONSERVATION INVESTMENT PROGRAM (ECIP) 

Military funded program for retrofiting existing D0D facilities to make 

them more energy efficient. 

ENERGY CONSERVATION MEASURES (ECM) 

Programs to conserve energy and/or costs through energy/manpower 

reductions. 

ENERGY COST 

Cost of Source Energy Consumed (obtained from utility bills) 

ENERGY COST INDEX 

Energy cost per square foot of building. 

xx-i 



DEFINITION OF TERMS  (Cont'd) 

ENERGY MONITORING AND CONTROL SYSTEM (EMCS) 

This is a computer-based control system used to achieve energy dollar 
savings through automatic control of building heating., ventilating and 

air conditioning (HVAC) systems.  This includes implementation of various 
energy conservation measures, such as programmed equipment shutoff, 
programmed outside air shutoff, and equipment optimization, to reduce the 

total energy consumption of individual buildings, reduce energy 

distribution system losses and improve HVAC system capability. 

ENERGY-TO-COST RATIO (ECR) 

Annual energy savings (MBTU/YR) divided by the construction cost 

($1,000). 

ELECTRICAL COST INDEX 

Electricity cost comparison for various years using a base year with an 

assigned value of 100. 

ELECTRICITY INDEX 

Comparison of Electrical Energy Indices for various years to a chosen 

base year. 

FUELS ENERGY INDEX 

Ha tio of BTU's of fuel consumed to the square footage of the base 

HEATING DEGREE DAYS 

Total number of degree days based on 65°F. 

HIGH TEMPERATURE HOT WATER (HTW) 

A hot water heat transfer system generally using water above 350°F. 

MEDIUM TEMPERATURE HOT WATER (MTW) 

A hot water heat transfer system generally using water between 230°F and 

350°F. 

XX-ll 
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DEFINITIONS OF TERMS  (Cont'd) 

SAVINGS TO INVESTMENT RATIO (SIR) 

Energy Conservation Investment Program (ECIP) Life Cycle Cost Economic 
Analysis Criterion. The Savings to Investment Ratio is the lifetime 
dollar savings of a project divided by the total investment (including 
construction cost, design supervision, inspection and overhead).  For a 
project to qualify for ECIP funding, the SIR must be at least 1.0. 

SIMPLE AMORTIZATION PERIOD (SAP) 

The project capital investment divided by the yearly savings.  This 
yields the period of time required to recover the initial capital 

investment. 

SOURCE ELECTRICITY ENERGY 

Total amount of electricity purchased or total amount produced before 

line and efficiency losses. 

SOURCE ENERGY CONSUMED 

Sum of fuels consumed and electricity used (includes all fuels such as 
heating oil, diesel fuel, natural gas, propane, coal, etc.). 

SOURCE ENERGY INDEX 

Ratio of BTU's source energy consumed to square footage of the base. 

SOURCE INDEX 

Comparison of 'the Source Energy Indices for various years giving a chosen 

base year a value of 100. 

STANDBY STATUS 

Active of laid-away buildings or equipment used to maintain the plant at 
a areduced production level in readiness for mobilization. 

TOTAL INSTALLED COST (TIC) 

The sum of the CCC and the design costs. 



1 .0 Introduction 

This Energy Engineering Analysis; covering Increments D, E and 
F; contains technical and economic analyses for cogeneration, 
central boiler plant coal conversion, engine test cell heat 
recovery, waste oil recovery, package boiler for summer use and 
Facilities Engineer conservation measures.  This report is a 
supplement to previous work by SSV&K involving buildings, 
utilities and energy distribution systems which was accomplished 

under Increments A, B and G. 

1 .1 Purpose of Study 

The purpose of this analysis is to develop a systematic program 

of projects that will result in energy consumption reductions in 

compliance with the stated goals of the Army Facilities Energy 

Plan. 

A. Reduce Army installation and active energy consumption by 

25% of that consumed in FY75 as the base year. 

B. Reduce average annual energy consumption per gross square 
foot of floor area by 20% in existing facilities compared to 
FY75 as the base year.  At least 125« of the energy consump- 
tion reduced in existing buildings shall be accomplished 
through energy conservation projects under the Energy Con- 

servation Investment Program (ECIP). 

r 
Reduce average annual energy consumption per gross square 

foot of floor area by 45% in new-buildings -compared to FY75 

as the base year. 

Reduce dependence on critical fuels.  The DOD goals to re- 

duce dependence on critical fuels are: 

(1) To obtain at least 10% of total Army installation energy 

from coal, coal gasification, solid waste, refuse de- 

rived fuel and biomass. 

(2) To equip all natural gas only heating units and plants 
over 5 MEGA BTU per hour output with the capability to 

use oil or other alternate fuels (1982 goal). 

(3) To have on hand at the beginning of each heating season 

a 30-day fuel supply for all oil only, oil - natural 
gas, and coal heating units over 5 mega BTU per hour 
output based upon the coldest month recorded and in a 
mobilization condition. 

In order to achieve these goals, the following will be 

incorporated: 

/ 

X 

o   applicable data and results of related past and current 

st udies 
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o   a coordinated Energy Engineering Analysis of the base 

o   Project Development Brochures (PDB's), Military Con- 
struction Project Data (DD Forms 1391), and supporting 
documentation for feasible Energy Conservation Invest- 

ment Program (ECIP) projects 

o   practical and economically feasible energy conservation 

methods 

o   a listing of recommended ECIP projects in SIR order 

1.2    Authority for Study 

This Energy Engineering Analysis was undertaken and this Report 
was prepared under Contract No. DACA65-81 -C-0024 issued by the 

Department of the Army, Norfolk Disrict, Corps of Engineers, to 

Seelye Stevenson Value & Knecht. 

r 

1.3 Scope of Work 

The scope of work for this Energy Engineering Analysis is de- 
fined in "DAEN-MPE-E SCOPE OF WORK FOR ENERGY ENGINEERING ANAL- 
YSIS PROGRAM" dated January 22, 1982.  This document has been 
reproduced and is in the Appendix Section B. 

Economic analyses are performed in accordance with "DAEN-MPO-U 
ENERGY CONSERVATION INVESTMENT PROGRAM (ECIP) GUIDANCE" dated 

August 10, 1982. 

1.4 Increments of Work 

1.4.1 Increment D 

Increment D projects involve determining the feasibility of new 
co generation and solid waste plants utilizing solid fuels sup- 
plemented, if feasible, with refuse derived fuels (RDF) and 
waste oil fuels.  The primary objective is to reduce energy con- 
sumption through the capture and reuse of energy presently being 

wast ed . 

Solid waste and RDF plants are not part of this contract.  Refer 

to Detailed Scope of Work and DACASS-81-C-0024 supplementary 

contract of July 1982 for futher details.  The Scope of Work is 

in the Appendix- Section B. 

1.4.2 Increment E 

Increment E projects involve determining the feasibility of con- 

structing central boiler plants to supply steam or high tempera- 
ture hot water, as applicable, to all or discrete parts of the 

base . 

ES: 1-2 



1 .4.3 Increment F 

Increment F projects involve recommending modifications and 
changes in system operation which are within the Facilities 
Engineer funding authority and management control.  Other areas 

under Increment F include determining any energy-related areas 
of operation requiring additional training of Facilities Engi- 
neering personnel and describing expendable equipment which 
should be changed to a higher efficiency type at its next 

replacement. 

I 
ES: 1-3 
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2.0 SITE DESCRIPTION, HISTORY AND ENERGY DISTRIBUTION SYSTEMS 

2.1 Site Description 

The Stratford Army Engine Plant (SAEP) is a government owned, con- 

tractor operated, military - industrial installation.  Avco Lycom- 
ing, the contractor-operator, does research, testing and produc- 

tion of gas turbine engines. 

The plant is in Stratford, Connecticut (See Figures 2.1.1-1 and 

2.1.1-2).  It lies on Connecticut's southern shore approximately 

55 miles northeast of New York City. 

The site is bounded by the Housatonic River on the north, Main 
Street on the southwest and, Sniffer, Lane to the southeast (See 

Figure 2.1.1-3).  The facility consists of 48 individual buildings 
with a total area of 1,577,639 square feet.  (See Table 2.1.1.) 

2.2.     Plant History 

The history of the Stratford Army Engine Plant is closely tied to 
the history of aviation.  The site was developed in 1929 by Igor 
Sikorsky for the production of flying boats.  During the initial 
development of the site, Buildings 1, 2, 3, 3A and 10 were con- 

structed . 

In 1939, the Chance Voight Company merged with Sikorsky to manu- 

facture the 'King Fisher' observation plane.  In .1942, the United 
States War Department contracted with the Chance Voight Company 
for the production of the Corsair aircraft.  This program required 
the construction of additional buildings and extensions to exist- 

ing buildings. 

With the end of the war, the Change Voight Company had a reduction 
in Government contracts which led to the de-activation of the 
Stratford Plant between the years 1948 and 1951. 

In 1951, the Chance Voight Company was acquired by AVCO LYCOMING. 

At this time the U.S. Air Force contracted Avco Lycoming to manu- 

facture the R-1820 radial engine and major components of the J-47 
jet aircraft engine under a license agreement. This agreement 

also transferred control of the Stratford Plant to the Air force 
and allowed Avco Lycoming to operate the site. Major renovations 
and additions occurred during this reactivation of the Plant. 

Over the years, Avco Lycoming increased its contractural work with 
the government and expanded to serve the private sector.  In 1954, 
the government contracted Avco Lycoming to develop and manufacture 

the T- 53 and T-55 engines whose chief application wouid be in 
helicopters and aircraft.  In the late 1960's, Avco Lycoming up- 
graded their T-53 and T-55 engines to suit commercial and inter- 

national markets.  In 1976, they manufactured the 'Super TF' 

ES: 2-1 



FIGURE 2.1.1-1 

STRATFORD ARMY ENGINE PLANT 

GENERAL AREA MAP 

miles 
inches' 
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2.3 

2.3.1 

series   of   marine   and   industrial   engines   that   are   included   in   com- 

pressor   sets,    pump   sets,   generator   sets,   off-road   vehicles   and 
railroad   engines.      Avco   Lycoming's   recent   projects   include   the 
development   and   manufacture   of   a   new   1500   shaft   norsepower   gas 

turbine   engineer   for   battle   tanks. 

In   1976,    the   U.S.   Army   Corps   of   Engineers   acquired   the   Stratford 

Army   Engine   Plant   from   the   U.S.   Air   Force.      At   this   point   the 
plant   became   a   Government   Owned   Contractor   Operated   (G0C0)    facil- 

ity   with   Avco   Lycoming   as   tenant. 

Description  of  Energy   Distribution   Systems 

St earn 

2.3.2 

Steam for heating is produced in the central boiler plant in 

Building No. 2.  The system heats the entire plant except for 
several small buildings with self-contained heating systems.  The 
steam and condensate return systems run partly above and partly 

below ground. 

The steam distribution system has an operating pressure of 100 

psig, is insulated, and is well maintained. 

The present condensate return system is in poor condition result- 

ing in a loss of condensate return.  This reflects in a loss of 
energy, waste of water, and a more than normal requirement of 

water treatment.  The following conditions exist: 

o Missing motors and pumps that have been removed over the years 

and not replaced. 

o Direct dumping of the condensate into sewer lines. 

o Improper pitch and changes in elevation of condensate lines 
which may possibly result in sediment accumulation, rusting of 

pipes and sticking check valves. 

o Most of the underground lines are in an unsatisfactory condi- 

tion, with clogged lines and a backing up of condensate to the 
point where check valves stay closed and receivers overflow. 

q Many of the condensate return lines are uninsulated resulting in 

a loss of energy. 

The condensate return system is scheduled for replacement.  The 
new system, when installed, will efficiently conserve energy. 

Natural Gas 

Natural gas which is used for Boiler fuel in Building No. 2 is 
supplied on an interruptible basis by the Southern Connecticut Gas 

/"' 
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Company. Gas which is used for process heating is supplied and 

separately metered on a firm contract basis by the same utility 
company.  All piping and equipment is in satisfactory condition. 

2.3.3 Central Boiler Plant 

2.3.3.1 General 

The central boiler plant, fired by both No. 6 Fuel Oil and 
Interruptible Natural Gas, operates 24 hours per day, 365 days per 
year.  It supplies energy in the form of steam for heating and 

processes.  There are three package boilers which have a  total 
capacity of 180,000 pounds of steam per hour with a  minimum 

output capacity of 8,000 pounds of steam per hour. 

2.3.3.2 Description of Existing Central Heating Plant 

The central boiler plant is located on the east side of Building 
No. 2.  The boiler plant consists of three water tube "D" type 
steam boilers built by the Bigelow Boiler Co. in 1970 and put on 
line in 1972.  Each boiler package is equipped with stub stacks 
and a pressurized furnace that delivers 60,000 pounds of steam per 
hour at an operating pressure of 100 psi and a maximum working 

pressure rating of 225 psi. 

The dual burners are of 'the steam atomizing type burning both No. 

6 oil and natural gas. Also included is a windbox, register, gas 

pilot and electric ignition. 

The forced draft is accomplished by dual drive fans mounted on the 
wind box. Air flow is controlled by an inlet damper that is actu- 

ated by a signal from the air/fuel ratio controller. 

The boiler plant has two duplex type, No. 6 oil pump and heater 
sets.  The duplex oil pumps on each set are of the rotary type and 
the two heaters are of the tubular heat exchanger type that util- 
izes steam from the boilers as the heating medium.  The steam con- 
densate from the heat exchanger is wasted by going into the sewer 
at 110°F, in order to prevent contamination from possible oil 

le aks. 

Present heat recovery equipment consists of an economizer on 

boiler No. 1.  The two remaining boilers, Nos. 2 and 3, are not 

equipped with any heat recovery devices. 

The economizer installed on boiler No. 1 is not being used due to 

malfunction. 

The feed water system has three pumps.  One is a dual drive type 

(electric & steam turbine) 40 HP pump and two are electrical drive 

pumps 20 HP and 40 HP each. 
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There is a recently installed deaerator capable of maintaining 

0.005 C.C. of oxygen per liter in effluent that Heats the feed 

water to 220°F. 

The surge tank consists of a receiver that handles the condensate 

return from the entire facility.  It is equipped with pumps to 
transfer the condensate return and make-up water to the 

deaerator. 

Zeolite water softeners are used for the pretreatment of make-up 

water. In addition, each boiler has a chemical feed system that 

injects chemicals directly into the steam drum. 

2.3.3.3 Instrumentation 

Instrumentation and controls are as follows: 

Hagan (Westinghouse) pneumatic semi-automatic non-recycling 

metering type control, consisting of a master pressure controller 
for gas/air and oil/air ratio control. Indicators consist of gas, 
oil and atomizer steam pressure gages.  There is also a three 
point draft gage used to monitor the windbox, the furnace and the 
stack pressure.  For permanent records they utilize a steam flow 
and stack temperature recorder. 

The feed water has a two element control.  Both steam flow and 
drum level are utilized to position the control valve.  This 
control valve is a Fisher air operated .model. 

2.3.3.4 Condition of Existing System 

The major pieces of equipment such as boilers, boiler feed system, 

deaerator, surge tank, transfer pumps, oil heating and pump sets, 

water softeners and chemical feed units, are in good condition. 

Boiler feed pumps are presently being replace by new higher effi- 
ciency types. The original installation consisted of one 40 HP 
dual driven pump (steam turbine and electric motor) and one 40 HP 
electric motor pump. To date a new 20 HP electrically driven low 

net positive suction head (NPSH) pump has been installed. In the 
near future two more 20 HP electrically driven pumps and one 20 HP 
steam driven pump will be installed to replace the existing 40 HP 

electrically driven and the dual drive motors. 

Tests were performed by Associated Control Equipment Service, 

Inc., of Stamford, Connecticut on February 21, 1983 on Boilers 2 
and 3.  Boiler 1 was o.n standby at the time.  The boiler plant 
description and findings can be found in Appendix Section C.  The 
test results indicate, even with Boilers running on low loads, a 
Boiler efficiency of 79.2 percent for Boiler 2 and 80.1 percent 

for Boiler 3. 
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The economizer on Boiler 1 is malfunctioning and therefore not in 

use.  The installation of economizers in Boilers 2 and 3 and the 
upgrading of the economizer on Boiler 1 would increase boiler 

efficiency and is a recommended project. 

The addition of 02 trim on all boilers will also increase boiler 

efficiency.  A savings of 3 percent of No. 6 fuel oil can be 

realized.  This project is recommended. 

See Appendix - Section C for back-up calculations. 

2.3.4    Cooling Systems 

There is no central chilled water plant for the facility.  Office 

areas are cooled by window and roof-top direct expansion units. 
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3.0 Installation Energy Profile 

3.1 General 

Energy used at SAEP includes No. 2, No. 4 and No. 6 fuel oil, 
natural gas under both firm and interruptible contracts, 
electricity, diesel fuel, jet fuel and propane. 

Firm contract natural gas, jet fuel, diesel fuel and propane are 

utilized for process-related functions. 

Electricity has multiple uses.  Building uses include motors for 
fans, pumps and air conditioning compressors as well as domestic 
hot water generation.  Process uses include but are not limited 
to machine tools, electric furnaces, welders and conveyors. 

No. 6 fuel and interruptible natural gas are used to generate 

steam in the central boiler plant in Building 2.  Steam is used 
for space heating, boiler room auxiliaries, domestic hot water 
and process equipment.  No. 2 fuel oil is used for testing 

diesel tank engines.  No. 4 fuel oil is used for the high 
pressure steam boilers in Building 17. 

3.2 Population 

3.2.1    Present Population 

The following is a breakdown of base personnel.  The figures 
/""" were supplied by Ayco-L ycoming, Division of Timekeeping and 

Labor Distribution in August 1982. 

Direct (Production) Tota^ 

Engineering 936 
Manufacturing 1,374 
Quality Assurance 456 
Information and System Service 145 

TOTAL  
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In direct (Support) 

General Manager 
Business Strategies 
Commercial Engine Program 
Engineering 
Manu facturing 
Quality Assurance 
Finance 
Marketing and Production Support 
Pe rsonnel 
Information Systems and Service 
Military Engine Programs 

Total 

5 
17 
10 

233 
1 ,291 

191 
186 
66 
98 

148 

30 

TOTAL 2,275 

Total Personnel 5,207 

The plant is at present in full operation with a full complement 
of personnel.  See Figure 3-5 for historical trend at the SAEP. 

3.3      Historical Energy Consumption 

3.3.1 General 

The historical energy profile for SAEP is based on annual energy 
use from FY75 through FY81. Fuel records obtained from SAEP are 
in Appendix, Section D. 

3.3.2 Tabular Information 

r Table 3.3.2 entitled "ANNUAL ENERGY CONSUMPTION," shows 
historical annual energy use from FY75 through FY81 for Total 
Source Energy and each of the individual energy sources 
discussed in Section 3.1.  The sum of No. 6 fuel oil and 
interruptible natural gas is also indicated in Table 3.3.2. 
This quantity is a measure of the fuel input to the central 
boiler plant.  For compilation of fuel consumption data, see 
Appendix, Section D. 

Table 3.3.2 indicates the following information for each fuel: 

o  Consumption (Base Unit) - CCF/YR is the base unit for natural 
gas, KWH/YR for electricity, and GAL/YR for fuel oil, diesel 
fuel, jet fuel and propane. 

o  Consumption in MBTU/YR. 

o  Unit Consumption in KBTU/GSF-YR - Energy consumption in 1,000 
BTU (KBTU) divided by the Gross Square Foot Area of the 
Plant. 

o  Unit Consumption per Degree Day. 
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o  Energy Index, Ref FY75 - Ratio of energy consumption in any 

year as compared to base year FY75.  The value of Energy 

Index for FY75 is 100. 

o  Cost in Dollars per Year. 

o  Unit Cost in Dollars per 1,000 GSF per year. 

o  Cost Index, Ref FY75.  Ratio of cost in any year to the base 
year of FY75.  The value of the index.for FY75 is 100. 

o  DARC0M Goal - The target figure for energy consumption in 
KBTU/GSF-YR.  Using FY75 as the base year, basewide energy 
consumption must be reduced by 20K by the end of FY85.  The 
goals were established to enable the ARMY to achieve energy 
conservation requirements assigned by Executive Order 12003 
and by the Department of Defense.  In addition, the Army 
Facility Energy Plan dated February 24, 1978, established by 
a long term goal for a 50 percent reduction in facility 

energy usage by the year 2000. 

3.3.3    Graphic Information 

Figures 3-1 to 3-7 indicate the historical energy consumption 
profile at SAEP.  Total source energy, interruptible natural 
gas, electricity and No. 6 fuel oil are plotted month by month 
for the Base Year (FY75) and the last three available years 
(FY79, FY80 and FY81).  These fuels are also plotted on a year 
by year basis throughout the period FY75 through FY81.  Jet fuel 
and diesel fuei consumption are graphically displayed for FY75 

through FY81. 

Figures 3-1, 3-2, 3-3 and 3-4 show the expected degree of 
correlation between heating degree days and fuel input 
(electricity, No. 6 fuel oil and interruptible natural gas) to 

the central boiler plant. 

Figure 3-5 indicates electricity,' firm contract gas, and 

personnel employed from FY75 through FY81.  Employment increases 
from FY76 as does electricity.  Firm gas consumption also rises 
with the exception of a slight decline in the last two years. 

Figure 3-6 shows the No. 6 fuel oi 1/interruptible natural gas 

combination against heating degree days and the DARC0M goal. 
The boiler fuel line follows a downward slope paralleling the 

DARC0M goal. 

Figure 3-7 indicates the two process fuels (jet fuel and diesel 
fuel) consumed at the Plant from FY75 to FY81. 
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Since the gross area remained substantially constant over the 

period, an additional scale on the right of both graphs allows 

the energy curves to be read in terms of annual consumption per 

unit of gross area. 

All energy curves show a noticable decline from FY 75 to FY 76. 
This correlates with a fall in employment, reflecting a decline 
in plant activity over that year. 

Figure 3-7 shows diesel fuel and jet fuel consumption mainly for 

the record. 

3 .4 Central Boiler Plant - Thermal Load Profile 

The central boiler plant uses No. 6 fuel oil and interruptible 

natural gas. 

3.4.1    Tabular Information 
/ 

Month by month breakdowns showing No. 6 fuel oil, interruptible 

natural gas, total boiler fuel (in MBTU) and percentage of 
yearly use are shown for FY81, FY80 and FY79 (the last three 
available years) in Tables 3.4.1-1, 3.4.1-2 and 3.4.1-3, 

respect ively. 

TABLE 3.4.1-1 

FY81 BOILER FUEL CONSUMPTION 

MONTH 

Oct. 80 
Nov . 80 
Dec . 80 
Jan . 81 
Feb . 81 
Mar. 81 

Apr . 81 
May 81 
June 81 
July 81 

Aug . 81 
Sep . 81 

Tota Is 

NO. 6 OIL INT. GAS 

18,531 

TOT. MBTU 

18 ,531 

%   YEARLY USE 

0 6.2 

0 24,523 24,523 8 .2 

30,481 56,757 56,757 18.9 

49,173 49,173 49,173 16.4 

38 ,264 0 38 ,264 12.7 

23,508 12,214 35,722 11 .9 

0 24,333 24,333 8.1 

0 13,442 13,442 4.5 

0 11 ,614 11 ,614 3.9 

0 9,747 9,747 3.2 

0 8,840 8,840 2.9 

0 9 ,470 9,470 3.2 

141 ,426 158,990 300,416 100 
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TABLE 3.4.1-2 
FY80 BOILER FUEL CONSUMPTION 

MONTH 

Oct. 79 
Nov . 79 

Dec . 79 
Jan . 30 
Feb. 80 
Mar. 80 
Apr . 80 
May 80 
June 80 
July 80 
Aug . 80 
Sep. 80 

Tota Is 

NO. 6 OIL 

1 ,784 

0 
0 
0 

25,188 
0 
0 
0 
0 
0 
0 
 0 

26,972 

INT. GAS 

29,436 

36,545 
41,940 
49,519 
22,290 
43,008 
28,372 
20,773 
14,820 
8,154 
4,760 
9,934 

309,551 

TOT. MBTU 

31,220 

36,545 
41,940 
49,519 
47,478 
43,008 
28,372 
20,773 
14,820 
8,154 
4,760 
9,934 

336,523 

%   YEARLY USE 

9 .3 

10 9 
12 .5 

14 .7 
14 .1 
12 .8 
8 .4 

6 .2 
4 .4 

2 .4 
1 .4 

3 .0 

100 

TABLE 3.4.1-3 

FY79 BOILER FUEL CONSUMPTION 

MONTH NO. 6 OIL INT. GAS TOT. MBTU %   YEARLY USE 

Oct. 78 21 ,684 0 21 ,684 6.5 

Nov . 78 38,078 2 38,080 11 .4 

Dec . 78 48,120 0 48,120 14.4 

Jan . 79 54,686 0 54,686 16.4 

Feb. 79 50,672 0 50,672 15.2 

Mar. 79 22,036 0 22,036 6.6 

Apr . 79 - 306 24,637 24,943 7.5 

May 79 0 15,879 15,879 4.8 

June 79 0 13,933 13,933 4.2 

July 79 0 14,211 14,211 4.3 

Aug . 79 0 12,529 12,529 3.8 

Sep . 79 0 16,968 16,968 5.1 

Tota Is 235,582 98,519 333,741 100 

3.4.2    Graphic Information 

Month by month boiler fuel consumption (MBTU) for FY81, FY80, 

FY79 is plotted in Figures 3-8, 3-9, and 3-10 respectively. 
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FIGURE 3-8 
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FIGURE 3-9 
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FIGURE 3-10 
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3.5      Energy Costs 

Table 3.5 summarizes energy costs for electricity, interruptible 

natural gas and No. 6 fuel oil at SAEP. 

Energy Costs 

Table 3.5 

Energy Cost Cost Cost 

Source Per Per Per 
Unit MBTU MBTU 

FY 81 FY 81 

$ 

Escalated 
To FY 84 

$ 

1 I 

Electricity 0.082 
$/KWH 

7 .07 10.76 

Interruptible 0.043 4.47 7.71 

Natural Gas $/CCF 

1 

No. 6 Oil 0.87 

$/Gal 

6.01 9.15 

L I 
The energy costs were derived in the following manner: 

o  Fuel consumption and costs for FY81 were obtained from base 

utility records. 

o  Cost per unit of each fuel is the total yearly cost divided 

by the total yearly consumption. 

o  Cost per MBTU (FY81) is based on the following conversion 

factors : 

1 KWH = 0.0116 MBTU 
1 CCF of Natural Gas = 0.1031 MBTU 
1 GAL of No. 6 Oil = 0.144 MBTU 

o  Cost per MBTU (FY84) is based on the following annual 

escalation rates: 

Electricity 15« 

Natural Gas 20« 
Fuel Oil 15« 

The annual escalation rates are obtained from the Norfolk 
District ECIP Criteria dated November 10, 1980 - Appendix B, 

Table 2. 
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4.0 Energy and Cost Savings 

4.1 Predicted Energy Savings f rom Recommended P ro jects 

Predicted energy 
house" projects, 
electricity, No. 

savings from recommended ECIP projec 
in MBTU/YR, are listed below in Tabl 
6 oil, interruptible natural gas and 

ts and "in- 
e 4-1 for 
source 

energy . 

TABLE 4-1 
MBTU/YR ENERGY SAVINGS FROM RECOMMENDED PROJECTS 

PROJECT INCREMENT ELEC NO. 6 GAS SOURCE 

Summer Boiler 
Waste Oil 
Wall Insul. 
Storm Windows 
DHW Heaters 
Light Fixtures 
Screw Chiller 

E 
E 
G* 
A 
G* 
A 
G* 

1,720 
-  218 

83 
1,580 

a 
576 

2,556 

0 
12,000 
5,511 
2,920 

2 
0 
0 

9,375 
0 

6,214 
0 
3 
0 
0 

11 ,095 
11,782 
11,808 
4,500 

13 
576 

2,556 

Anti-Strat. 
Unit Heater 

DHW Pipe Insul. 
A 
A 

-1,385 
108 

6,016 
157 

6,784 
177 

11,415 
442 

Roof Rehabilita- 
t ion In-House 0 14,500 14,500 29,000 

Condensate Sys- 
tem Rehab. 

HPS Lighting 
Rehab. Bldg. 3A 
Kalwall 

In-House 
In-House 
In-House 
In-House 

0 
55,000 

0 
0 

3,150 
0 

100 
3,750 

3,150 
0 
0 

3,750 

6,300 
55,000 

100 
7,500 

- Econ. Fin-Tube 
4 02 Trim B 9,747 

TOTALS - 60,028 57,853 43,953 161,834 

♦This is normal] y an Increment A item, but SIR is less than 

1.0. 

4.2     Energy Savings - Percent Reduction from Base Year FY75 

Percent reduction for each individual energy source and total 
source energy are listed in Table 4-2 below. 

TABLE 4-2 
ENERGY SAVINGS PERCENT REDUCTION 

FROM BASE YEAR FY75 

FUEL     FY75 - MBTU     SAVINGS - MBTU     %   REDUCTION 

Elec. 496,886 60,028 12 
6 Oil 243,847 57,853 24 
Gas 186,702 43,953 24 
Source* 1,154,036 161,834 14 
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4.3 

♦Total does not add due to process related fuels such as jet 
fuel, diesel, firm gas, etc. 

Anticipated Monetary Savings and Construction Costs 

Annual dollar savings and construction costs for each of the 
ECIP projects are listed in Table 4-4, below. 

TABLE 4-4 
ANNUAL DOLLAR SAVINGS AND CONSTRUCTION COSTS 

PROJECT $/YR SAVED CWE-84 

Summer Boiler 90,788 
Waste Oil 88,554 
Wall Insulation 116,481 
Storm Windows 50,263 
DHW Heaters 147 
Light Fixtures 7,125 
Screw Chiller 31,617 
Anti-Strat Unit Heater 108,907 
DHW Pipe Insualation 4,624 
Econ Fintube & 02 Trim 102,538 

253,878 
840,739 

2,319,000 
303,015 
17,934 
13,870 

2,010,729 
890,969 
19,265 

351 ,576 

TOTALS 601,049 7,020,975 

The simple amortization for the above projects is 
(7,020,975/601,044) ll.j'years.  The SIR is 
(21,231,402/7,020,975) 3.0. 
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5.0 Increment D 

5.1 Scope 

The purpose of Increment D is to determine the feasibility of 

new cogeneration and solid waste plants utilizing solid fuels, 
supplemented, as feasible, with refuse derived fuels (RDF) and 
waste oil fuels.  Programming documents (DD Forms 1391 and PDBs) 

are required for feasible projects. 

Solid waste and RDF plants are not part of this contract.  Refer 

to Detailed Scope of Work and DACA65-81-C-0024 supplementary 
contract of July 82 for further details.  The Scope of Work is 

in the Appendix-Section B. 

5.2 Projects Investigated 

The projects investigated under this Increment are listed in 

Table 5-1, below. 

TABLE 5-1 
INCREMENT D-PROJECTS INVESTIGATED 

o  Cogeneration from Central Boiler Plant 

o  Cogeneration/High and Low Temperature Heat Recovery From 

Engine Test Cells 

o  Cogeneration/High Temperature Heat Recovery From Engine 

Test Cells 

5.3 Brief Description of Projects Investigated 

5.3.1 Cogeneration from Central Boiler Plant 

The present central boiler plant cannot meet cogeneration 
requirements.  The present 100 psig steam output would have to 
become the turbine outlet pressure in order to maintain current 

heating and process requirements.  The turbine inlet pressure 
(i.e., boiler output pressure) would have to be 600 psig.  In 
addition, the cogeneration boiler would have to utilize coal. 

(See Increment D definition Section 4.1.) 

5.3.2 Cogeneration/High and Low Temperature Heat Recovery 

Test engines fall into one of two categories:  production 

engines or development engines.  These engines are test in one 

of 31 test cells.  Twenty-eight of these cells are located in 

Building 16. 
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Energy input to the test engines is represented by jet or diesel 
fuel.  Energy output is transmitted along a shaft which is 
connected to a water brake.  Losses (i.e., the difference 

between energy input and output) are represented by high 

temperature exhaust. 

This subject has been studied by AVCO-LYCOMING personnel.  A 

copy of an "in-house" report on engine test cell heat recovery 
has been reproduced and is in the Appendix-Section F. 

5.3.3 Cogeneration/High Temperature Heat Recovery 

The objective of this project is to utilize heat from test 

engine exhaust to supply high pressure steam to generate 
electricity and back-pressure steam to operate a steam 
absorption chiller.  The absorption chiller is required to 

provide 800 tons of refrigeration for Bldg. 10. 

5.4 Results and Conclusions 

There are no recommended projects under this Increment. 

ES:5-2 



6.0 

6.1 

6.2 

6.3 

6.4 

6.4.1 

Increment E 

Scope 

The purpose of Increment E is to determine the feasibility of 
installing central plants firing solid fuels serving all or 

discrete parts of the installation. 

Stratford Army Engine Plant is currently served by a central 

boiler plant.  When this is the case, the scope of work calls 
for Increment E to consist of an engineerig report and economic 

analysis of converting the existing central plant to solid fuels 

(coal) . 

Projects Investigated 

The projects investigated under this Increment are listed in 

Table 6-1, below. 

TABLE 6-1 
INCREMENT E PROJECTS INVESTIGATED 

o  Central Boiler Plant Coal Conversion 

o  Waste-Oil Burner for Central Boiler Plant 

o  Single Fuel (Interruptible Natural Gas) Firetube Package 

Boiler for Summer Use 

o  Dual Fuel (Interruptible Natural Gas and Waste Oil) Watertube 

Package Boiler for Summer Use 

Recommended Projects 

The recommended projects under this Increment are the Waste Oil 
Burner for the Central Boiler Plant and the Single Fuel 

Firetube Package Boiler for Summer Use. 

Brief Description of Recommended Projects 

Waste Oil Burner for Central Boiler Plant 

SAEP generates waste oil, mainly from machine tools, at a rate 

of 10,000 gallons per month.  With filtration, chemical 
treatment, and a supplementary burner  this oil can be used as a 

boiler plant fuel.  Using waste oil as a boiler fuel has several 

bene fits: 

o  SAEP currently pays $0.30/gal to dispose of the waste oil. 

o  Consumption of traditional boiler fuels (No. 6 Oil and Int. 

Nat. Gas) is reduced. 
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o  Waste Oil Recovery is a partial solution to the long range 

waste disposal problem at SEAP and in the rest of the Town of 
St rat ford. 

6.4.2     Single Fuel Firetube Package Boiler for Summer Use 

The central boiler plant consists of 3 units @ 60,000 lbs steam/ 

hr output.  The average summer (May-September) steam demand is 

10,300 lb/hr.  Running the central plant at such low summer 

loads is extremely inefficient. 

This project proposes a summer shutdown of the central boiler 

plant.  A single fuel (Int. Nat. Gas) firetube 17,250 lb/hr (500 
boiler horsepower) package boiler will be able to meet the 
anticipated 10,300 lb/hr summer steam demand.  The basis for the 

energy savings is the increased efficiency at this load for the 
package boiler.  In addition, there will be an electric energy 
savings due to a reduction in the electrical auxiliary loads 

(boiler feedwater pumps and induced draft fans). 

6.5       Brief Description of Projects Considered But Not Recommended 

6.5.1 Boiler Plant Coal Conversion 

The primary objective of boiler plant coal conversion is to 
reduce dependence on petroleum fuels.  An additional benefit is 
that coal is significantly cheaper than fuel oil (in this case 

$10.52/MBTU vs $4.07 MBTU). 

6.5.2 Dual Fuel Matertube Package Boiler For Summer Use 

The basic objective of this project is the same as that of the 
single fuel fire tube package boiler which was previously 
discussed in Section 5.3.  Additional savings would result from 
the burning of waste oil which would otherwise cost $0.30/gal to 
dispose of.  However, this additional savings is more than 

offset by the cost of additional controls, piping, pumps, 

physical and chemical treatment and frequent cleaning of 
burners.  In addition, 10,000 gal/mo amounts to only 550 lbs 

steam/hr which is 2%   of the anticipated summer load.  It was 

agreed during a field visit/meeting at SAEP on 10/21/83 to 
delete waste oil from the summer package boiler.  When the 

summer boiler is in operation, waste oil will be kept in an on- 

site storage tank. 
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6.6 Economic Analysis of Recommended Projects 

Recommended Increment E Projects listing MBTU/YR saved, $/YR 
saved, CWE-84, SIR, ECR and SAP (Years) are listed in Table 6-2, 
below. 

TABLE 6-2 

INCREMENT E - RECOMMENDED PROJECTS 

MBTU/YR    $/YR      CWE-84  SIR DESCRIPTION ECR   SAP 

Waste Oil - Cent. Plant     11,782    88,554    840,739  1.6   14.0  18.6 
Firetube Pkg. Boiler        11 ,095    90,788    253,878  6.3   43.7   2.8 

TOTAL/AVG 22,877   179,342  1,094,617  2.7   20.7   6.1 
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7.0 Energy Plan 

7.1 Summary of Results 

7.2 

1. With the implementation of the recommended projects from 

Increments D, E, F outlined in this report, plus prior work 

from Increments A, B, G; source energy consumption per unit 

area will be reduced by 14Ü5.  This does not meet the DARCOM 
goal of 24S>.  If process fuels are eliminated from the 
analysis, a 23S8 reduction of source energy per unit area can 

be achieved. 

2. Using a base year of FY75, there will be the following 

reduction in overall energy use: 

o Electricity 125! 

o No. 6 Oil 24» 
o Int. Natural Gas 24K 
o Source Energy 1 4£ 

3. The recommended ECIP projects from this analysis will result 

in an annual dollar savings of $601,044, a construction cost 

of $7,020,975, will have a simple amortization period of 11.7 

years and a SIR OF 3.0. 

Unit Energy Consumption and the DARCOM Goal 

Figure 7-1, on the following page, shows actual unit consumption 

(KBTU/GSF-YR) from FY75 through FY81 and projected unit 
consumption from FY82 through FY85.  The DARCOM goal is 

represented by a straight line from FY75 through FY85 showing a 
255 reduction per year over a ten year period (an overall 

reduction of 20«). 

Historical unit consumption from FY75 through FY81 is listed in 

Table 7-1, below. 

TABLE 7-1 

UNIT ENERGY CONSUMPTION FY75 THROUGH FY81 

YEAR KBTU/GSF-YR 

FY75 

FY76 
FY77 
FY78 

FY79 
FY80 

FY81 

739 

659 
693 
689 

748 
790 

793 

The unit energy consumption savings for FY85 is calculated as 

follows: 
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161,834 MBTU x 1,000 KBTU/MBTU ♦ 1,560,764 SQ. FT. 

= 103.7 KBTU/GSF-YR 

The percent reduction is: 

(103.7/739) x 100 = 14« 

This does not meet the DARCOM goal (a 20« reduction from FY75 to 
FY85) of 147.8 KBTU/GSF-YR saved. 

The simple amortization for the above projects is 
(7,020,975/601,044) 11.7 years.  The SIR is 3.0. 

7.3     Recommended Projects 

7.3.1     Increments D, E, F 

Recommended projects from Increments D, E, F are outlined in 
Table 7-2, below. 

TABLE 7-2 

RECOMMENDED PROJECTS - INCREMENTS D, E, F 

MBTU/ LIFE- 
YR $/YR CYCLE        CWE- SAP 

PROJECT       SAVED SAVED SAVINGS        84 SIR   (YRS) 

Summer Boiler    11,095 90,788 1,527,583     253,878 6.3    2.8 
Waste Oil        11,783 88,554 1,784,663     840,739 1 .6   18.6 

TOTAL/AVG     22,877 179,342 3,312,246   1,094,617 2.7    6.1 

7.3.2    Increments A,B,G 

Recommended projects from Increments A,B,G is outlined in Table 
7-3, below. 
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TABLE 7-3 

RECOMMENDED PROJECTS - INCREMENTS A, B, G 

MBTU/ LIFE- 
YR $/YR CYCLE CWE- SAP 

PROJECT SAVED 

4,500 

SAVED 

50,503 

SAVINGS 

666,633 

84 SIR 

2.2 

(YRS) 

Storm Wind. 303,015 6.0 

DHW HTRS. 13 147 1,790 17,934 0.1 12 2.0 

Light Fix. 576 7,125 74,898 13,870 5.4 2.0 

Screw Chiller 2,556 31,617 402,145 2,010,729 0.2 63.6 

Unit Heaters 11,415 108,907 1,603,745 890,969 1.8 8.2 

Pipe Insul. 442 4,624 59,720 19,265 3.1 4.2 

Ecom & 02 Trim 9,747 102,538 1 ,687,565 351 ,576 4.8 3.4 

TOTAL/AVG. 29,249 305,461 4,496,496 3,496,496 1.4 10.0 
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